Protocols for anoxia/starvation in the genetic model organism C. elegans simulate ischemia/reperfusion. Worms are separated from bacterial food and placed under anoxia for 20 hr (simulated ischemia), and subsequently moved to a normal atmosphere with food (simulated reperfusion). This experimental paradigm results in increased death and neuronal damage, and techniques are presented to assess organism viability, alterations to the morphology of touch neuron processes, as well as touch sensitivity, which represents the behavioral output of neuronal function. Finally, a method for constructing hypoxic incubators using common kitchen storage containers is described. The addition of a mass flow control unit allows for alterations to be made to the gas mixture in the custom incubators, and a circulating water bath allows for both temperature control and makes it easy to identify leaks. This method provides a low cost alternative to commercially available units.
Introduction
C. elegans is a nematode that has been widely adopted as a multicellular eukaryotic model organism since its introduction by Brenner 1 . It is a cheap, simple, and versatile model, which allows easy links between genetic alterations and phenotypic changes 2 
.
Ischemia is characterized by a lack of nutrients and oxygen supply to a tissue, followed by reperfusion, when a burst of reactive oxygen species is produced 3 and most of the damage occurs. In 2002, a model of ischemia/reperfusion (IR) in C. elegans was developed 4 involving submitting the whole worm to anoxia, nutrient deprivation and heat stress for approximately 20 hr followed by 24 hr under normal conditions. Although this model is technically an anoxia-starvation (AS) condition, cell death occurs through mechanisms that are conserved in mammals, including damage induced by oxidants during reperfusion 5 . Furthermore, similar to mammalian IR, damage induced by AS in C. elegans can be prevented by ischemic preconditioning 6, 7 or anesthetic preconditioning 8, 9 .
The protocols below demonstrate how to mimic IR in C. elegans using the AS model, how to score morphological and behavioral abnormalities that result from AS, and how to adapt the protocol in a way that allows the experiment to be conducted with a lower initial investment using a custom-made, easily-constructed chamber alternative. 
Protocol

C. elegans Growth
Materials for AS
1. M9 buffer (22 mM KH 2 PO 4 , 42 mM Na 2 HPO 4 , 86 mM NaCl, 1 mM MgSO 4 ) should be purged of oxygen by equilibrating with N 2 (argon can also be used) during 30 min prior to the experiment and kept surrounded by ice.
1. Conduct all experiments at least in triplicate. 2. Add 1 ml of RT, oxygenated M9 buffer to each 35 mm plate containing young adult worms grown as described above. Be careful to avoid removing bacteria from the plate (add M9 to the edges where bacteria weren't seeded). After ~1 min the worms should be swimming in the M9. 3. Coat a 1 ml pipette tip with BSA by pipetting and expelling a sterile 1% BSA solution. 4. Carefully incline the plate containing the worms in M9 buffer, remove the M9 from the same place where it was added, and place the suspension in the prepared microcentrifuge tubes. Let rest in ice until the worms have dropped to the bottom of the tubes (~1-2 min). 5. Remove the maximum amount of M9 possible without disturbing the worms from the tube (leaving around 100 μl), add 1 ml of the oxygenpurged and iced M9 and place the tube over ice until the worms settle to the bottom again. Repeat the last step 3x. In the last wash, remove the M9 until ~100 μl remains in the tube. 6. Place the tubes with the worms in deoxygenated M9 inside an anoxic/hypoxic chamber (see instructions below, Section 3.6.1) or, alternatively, into a custom sealed container (see instructions below, Section 3.6.2). 1. If a commercial anoxic/hypoxic chamber is to be used, leave some purged M9 inside the chamber before starting step 3.5 and repeat step 3.5 once the worms are inside the chamber. 2. If a custom chamber is to be used, a detailed description of how to create a low-cost apparatus is presented at the end of this protocol and has been described by another group previously 11 . Briefly: 1. Make two holes in a 250 ml Tupperware-type container lid and add tube connectors to them. One will be used to inject the gas mixture while the other will be the gas exit into a water bath. 2. Place the worms into the chamber and seal the chamber using the lid. 3. Gas with a constant N 2 flux (100 ml/min). 4. Place the container inside a water bath at 26 °C. Ensure that the exit tube is well immersed in water so no air returns and that there are no leaks in the system (apparent by bubbles arising from the chamber itself).
7. Incubate the worms at 26 °C for 20 hr. After this, the worms will be ready to be scored.
Simulated Reperfusion
Identifying Dead Versus Live Worms
1. Using a platinum pick, lightly touch the top of the head of the worm. Live worms will move backwards after being touched. If the worms are nonresponsive, score as dead. Occasionally, a worm will not move backwards, but may exhibit a slight side-to-side head movement. Although not technically dead, these worms are almost certain to expire within hours, and should be scored as dead. If one waits too long to score the worms, internal hatching of progeny can occur and these "bags-of-worms" can rupture, making detecting the carcasses very difficult. 2. Remove both live and dead worms from the plate as they are counted to avoid duplicate counts. The live worms can be moved to a separate plate to perform behavioral assays. The amount of living worms relative to the total is represented as the % of surviving worms ( Figure 1A ). Figure 1B) . Repeat this step 10-15x for each worm with 10 sec intervals. Probe at least 10 worms in each group to have accurate data. The same assay can be used to assess forward locomotory changes following light touch to the posterior body wall. Be sure not to touch the head or tail of the worm, since this stimulates a distinct behavior. 3. Finally, incorporate genetic control strains [N2 Bristol wild-type for positive, mec (mechanosensory) mutant for negative -e.g. CB1338 mec-3 (e1338)IV] to calibrate the force with which to touch the worms. Too harsh of a stimulation will elicit a behavioral response in mec mutants, too little will not elicit an effect in wildtype N2 controls.
Touch Response Assay
Neuronal Modifications
1. To visualize post AS neuronal modifications, use a strain which expresses GFP in the touch-responding mec neurons 4, 5 . These neurons have long processes that run along the body wall and are easily scored for morphological abnormalities. In addition, the morphologic information can be integrated with behavioral measures of neuronal function, as described above. One strain that can be used for this purpose is TU2583, which is available from the C. elegans Genetics Center and contains the uIs25 integrated transgene expressing GFP from the mec-18 promoter, or alternatively TU2562, which contains an integrated mec-3::GFP fusion. 
Discussion
AS has been widely used in C. elegans to model IR injury. Some key points should be highlighted for this protocol: C. elegans are resistant to a wide array of injuries, justifying the need for 3 concomitant insults (heat, starvation and anoxia) to achieve death using this system. Anoxia alone does not kill the worms in this window of time 14 . Furthermore, temperature increase is an additional stress, so it is important to monitor closely. Strictly speaking, starvation does not contribute significantly to the degree of mortality observed 7 , per se, but it appears to reduce variability among experimental replicates. Given that there can be significant variability from day-to-day, it is extremely important to compare samples run directly in parallel, and to repeat experiments over multiple days. In general, outcomes are measured for three separate plates of 50-100 worms/ experimental condition and these are then averaged and considered as a single experimental replicate. Generally, between seven and nine replicates appear to be sufficient to achieve or rule out statistical significance.
The developmental stage of the worms used in the experiment also needs to be carefully monitored as the susceptibility of different stages to AS damage varies significantly 15, 16 . The use of young adults is standard, and larval stage (L3 and L4) worms appear to be more resistant to the damaging effects of AS (unpublished data).
This protocol presents two ways to perform the experiments, one using a lab-made apparatus (using Tupperware-type containers and gas input 11 ) and other using a commercial hypoxic chamber 4, 6 . Anoxia can be achieved by other means that consume the oxygen, as described elsewhere 13, 17 
